Fibrillin is an extracellular matrix (ECM) glycoprotein, a main component of microfibrills, suggested to support cell attachment and to impact cell differentiation and migration. The aim of this study was to investigate fibrillin-1 expression in thyroid carcinomas at mRNA and protein level, since ECM proteins are suggested to be of great importance for the metastatic potential of carcinomas. RNA was extracted from 13 thyroid carcinoma cell lines and RT-PCR analysis with gene-specific primers revealed fibrillin-1 mRNA expression in all cell lines, with highest expression in the follicular carcinoma cell line WRO and lowest expression in the two anaplastic cell lines (APO, FRO). Furthermore, we investigated fibrillin-1 expression by immumohistochemistry in a commercially available tissue microarray including 50 thyroid carcinomas as well as in archival tissue from 33 thyroid carcinomas. Fibrillin-1 demonstrated a cytoplasmic location in the neoplastic cells of almost all carcinomas apart from the follicular ones. The most intense staining was observed in papillary carcinomas with some evidence of a slight increased intensity in advanced stages. Our data indicate that fibrillin-1 is strongly expressed by the neoplastic cells of thyroid carcinomas in different degree in the various histologic types and might be implicated in cell-stroma interaction in terms of signaling, attachment and migration. Establishment of an invasive and metastatic tumor phenotype depends on diverse and intricately orchestrated cell-cell and cell-matrix adhesive interactions. [1] [2] [3] In the case of epithelial cancers, the development of invasion and metastasis is currently regarded as a multistep process with interactions between migrating tumor cells, diverse extracellular matrices and activated endothelia.
Establishment of an invasive and metastatic tumor phenotype depends on diverse and intricately orchestrated cell-cell and cell-matrix adhesive interactions. [1] [2] [3] In the case of epithelial cancers, the development of invasion and metastasis is currently regarded as a multistep process with interactions between migrating tumor cells, diverse extracellular matrices and activated endothelia. [1] [2] [3] Fibrillin is a 350-kDa glycoprotein which constitutes the main component of microfibrils-filamentous structures of small diameter (10-12 nm), found in the extracellular matrix (ECM) of most tissues. [4] [5] [6] Although usually associated with elastin to form elastic fibers, microfibrils devoid of elastin are also found in the ECM of nonelastic tissues. 7 It is likely that fibrillin has many functions that vary according to the developmental stage and tissue in which it is expressed. 7, 8 Of the known microfibrillar proteins, fibrillins are the best candidates for interacting with cell surface receptors. 9 Fibrillins contain Arg-GlyAsp (RGD) peptide sequence shown to be the site of interaction with integrin receptors. 10, 11 Along with integrin-ligand interactions, another major mode of cell-matrix interaction employs cell-surface heparan-sulphated proteoglycans (HSPGs) such as members of the syndecan or glypican families. 12 Recently, Ritty et al 13 suggested that cell attachment to fibrillins can potentially produce simultaneous signaling from members of these two ECM receptor families: the integrins and the cell-surface HSPGs. Thus, fibrillin may act as a classical adhesion protein with specific interactions with the cellular cytoskeleton involving transmembrane receptors. 9 Moreover, given the functional roles of integrins and HSPGs it is already clear that fibrillins play important roles in cell migration, adhesion, signaling, protein-protein interaction and induction of differentiation. 13 As all these procedures are also important during neoplastic transformation and tumor progression, the investigation of fibrillin expression in tumorous conditions seems challenging.
Fibrillin has been shown to have a widespread distribution in the ECM of skin, lung, kidney, liver, blood vessels, tendons and ocular tissues. 4 Very little information is available as far as fibrillin expression in a neoplastic context is concerned. To the best of our knowledge, this is the first study so far, investigating fibrillin expression at protein and m-RNA level in thyroid carcinoma tissues and cell lines as well as in normal thyroid tissues.
Materials and methods

Studies on Cell Lines and Cultures
Thyroid cancer cell lines TT (medullary carcinoma), ARO, FRO (anaplastic carcinoma), WRO (follicular carcinoma), BHP 2, BHP 5, BHP 7, BHP 10, BHP 14, BHP 17, BHP 18, BHP 19 and SW579 (papillary carcinoma) were cultured in Dulbecco's minimal essential medium supplemented with 10% fetal bovine serum and 100 mg/ml penicillin/streptomycin (Life Technologies Inc.). At 80% confluence, the medium was replaced with serum-free DMEM; the cells were incubated for 24 h and then harvested for mRNA extraction.
Isolation of total RNA and reverse transcription-PCR Total RNA from thyroid cancer cell lines was isolated using the Rneasy Kit (Qiagen) following the manufacturer's suggestions. Total RNA (1 mg) was reverse transcribed to complementary DNA (cDNA) with SuperScript II reverse trascriptase (Life Technologies Inc.) primed with oligo-dT in a final concentration of 20 pmol/ml. A ribonuclease inhibitor (Ribonuclease Inhibitor, Fermentas), in a final concentration of 1 U/ml was also included in the reaction. All RT reactions were done independently of the PCR reactions. Amplification of fibrillin-1 transcript was performed using genespecific primers (forward 5 0 -CTTGAAGGGAGAA GGCTGG-3 0 , reverse 5 0 -AGGGACACTCGCAGCGA TA-3 0 ) producing a 205 bp product. Briefly, 1 ml cDNA was amplified with 10 pmol/ml primers using the puRe Taq Ready-To-Go PCR Beads (Amersham Biosciences) in a final volume of 25 ml. After initial denaturation at 951C for 3 min, amplification was performed over 30 cycles consisting of 951C for 30 s, 551C for 30 s, 721C for 30 s, and a final extension at 721C for 7 min. Negative controls were performed with each RT-PCR reaction, omitting template. The efficiency of reverse transcription was verified by the detection of the GAPDH (glyceraldehyde phosphate dehydrogenaseforward: 5 0 -TGGTATCGTGGAAGGACTCATGAC-3 0 , reverse: 5 0 -ATGCCAGTGAGCTTCCCGTTCAG-3 0 ), as previously described. 14 The products were resolved on a 2% agarose gel containing ethidium bromide and were visualized under ultraviolet light.
Densitometry
The band intensity on PCR photographs was quantitated by densitometry using the GDS 8000 Analysis System (UVP). The intensity of the band representing the Fbn-1 RT-PCR product was normalized to the intensity of the band for the housekeeping gene GAPDH and is expressed as ratio of relative band intensity. All experiments were repeated at least three times to ensure statistical accuracy.
Studies on Thyroid Specimens
A total of 92 thyroid specimens from normal and neoplastic glands were investigated immunohistochemically for the detection of fibrillin-1 expression. This series consisted of 59 thyroid tissues from a commercially available tissue microarray (Imgenex IMH 319) including 42 papillary carcinomas, seven follicular carcinomas, one poorly differentiated carcinoma and nine benign thyroid tissues. Moreover, archival tissue from 33 thyroid carcinomas (15 papillary, four follicular, five Hü erthle cell-, one anaplastic and eight medullary carcinomas) was retrieved from the files of the Pathology Department of the Athens University. The clinicopathologic characteristics of our cases are shown in Table 1 . Representative tissue blocks were selected from each thyroid specimen, for immunohistochemical examination (two blocks per case). Sections (4 mm) were cut from paraffinembedded blocks.
Fibrillin-1 immunohistochemistry
Immunostaining was performed with a polyclonal antibody (Santa Cruz H-109) at a dilution of 1:100, overnight. For better antigen retrieval, tissue sections were microwave treated in citrate buffer, pH 6.0, for 30 min. A standard two-step streptavidin peroxidase technique was used. Sections from liver cirrhosis with known immunopositivity for fibrillin-1 antibody were used as positive controls. Negative controls had the primary antibody omitted and replaced by PBS. Fibrillin expression in thyroid carcinomas S Tseleni-Balafouta et al
Evaluation of immunohistochemistry
The sections were evaluated without knowledge of clinical data by two independent observers and similar results were obtained. A semiquantitative evaluation of fibrillin-1 expression was performed by means of scoring staining intensity, evaluating simultaneously both intensity and extension, on a scale of 0 to þ þ þ , corresponding to negative (0), weak ( þ ), moderate ( þ þ ) and strong ( þ þ þ ) immunoreactivity. The findings were then correlated to the tumor stage.
Results
RT-PCR Analysis of Fibrillin-1 in Thyroid Carcinoma Cell Lines
RT-PCR analysis revealed fibrillin-1 m-RNA expression in all thyroid carcinoma cell lines, with highest expression in the follicular carcinoma cell line WRO, the papillary carcinoma cell line SW579, and the medullary TT, whereas lowest expression was found in the two anaplastic cell lines (APO, FRO) and one papillary line (BHP 18) ( Table 2 , Figure 1 ).
Fibrillin-1 Immunohistochemical Expression
A weak fibrillin-1 immunoreactivity was observed in normal thyroid tissues mainly in the vessel wall as well as in the perivascular ECM as thin bundles.
No fibrillin expression has been demonstrated in the perifollicular area. In thyroid carcinomas, fibrillin-1 immunohistochemical expression has been observed in the neoplastic cells with an intracytoplasmic location as well as in bundles in the stroma underneath (Figures 2 and 3 ). In the tissue microarray as well as in the archival sections fibrillin-1 expression was seen in almost all papillary carcinomas (39/42 of archival carcinomas and 14/15 of tissue micrarray carcinomas respectively), Hü erthle cell carcinomas (4/5), and in all anaplastic (1/1) and poorly differentiated (1/1) carcinomas as well as in many medullary carcinomas (5/8) ( Table 3 ). The most intense staining was observed in papillary carcinomas, with a slightly increased intensity in advanced stages (Table 4 ). In the follicular carcinomas no fibrillin expression could Fibrillin expression in thyroid carcinomas S Tseleni-Balafouta et al be detected in the immunohistochemically processed archival as well as tissue microarray sections (total 11 cases).
Discussion
In the present study, we describe for the first time, the distribution of the ECM protein fibrillin-1, in normal thyroid tissue and in thyroid carcinomas of various histological types. In our study, fibrillin-1 immunoreactivity was very faint in normal thyroid tissue and exclusively located in the perivascular area. No fibrillin-positive fibers have been observed between the thyroid follicles. Notably, this ECM protein was detected by immunohistochemistry in the cytoplasm of neoplastic cells of thyroid carcinomas and to a lesser extend in the surrounding stroma. This finding confirms previous experimental studies reporting that apart from fibroblastic cells, epithelial cells are responsible for fibrillin-1 production. 13 ECM deposition occurs in cultures of many cell types including normal thyroid cells. 15, 16 The weak immunoreactivity of fibrillin-1 in the stroma of thyroid tumors suggests a mechanism probably inhibiting the deposition of the protein in the tumorous stroma, since aberrant deposition of matrix proteins has been reported in many tumor types. This might be especially important for papillary carcinoma which exhibits a high degree of elastosis, 17 inasmuch as fibrillin-1 has been suggested to be colocalized with elastin in various tissues. 8, 18 Although the mechanism of fibrillin-1 deposition in ECM is largely unknown, it has been shown that in epithelial cells, soluble heparin competitively inhibits an unknown interaction that is needed for ECM deposition of both fibrillin-1 and -2. 13 Moreover, a human fibrillin-1 mutation (Arg 2726 -Trp) which prevents proteolytic processing of the C-terminal domain, has been reported to result in impaired deposition of the product of the affected allele. 19 From a functional perspective, the possible role of fibrillin-1 localization in the neoplastic thyroid cells merits further investigation. The distribution of fibrillin-1 and fibrillin-2 in developing tissues suggests that both proteins are usually, but not exclusively, associated with elastic fibers. 20 Colocalization of fibrillin-1 with Fc gamma RIII, a cytokine-inducible IgG Fc receptor implicated in the activation of macrophages by immune complexes, suggests a possible role of fibrillin-1 in the modulation of immunologic responces. 21 It has been reported that at sites of inflammation or active tissue remodeling such as the neoplastic stroma, elastases could strip elastin from microfibrils, thereby exposing fibrillin molecules that are otherwise masked. 9 An invading inflammatory cell with the appropriate receptors could then use fibrillin to move through an elastin-rich tissue such as a blood vessel. 9 Proportionally, one could speculate that an invasive tumor cell expressing fibrillin-1 is able to use this protein as a vehicle to migrate through the tumorous stroma and/or invade vessels to produce metastases. This concept is strengthened by that observed in our study, slightly stronger fibrillin-1 expression in higher stage tumors (Table 4 ). This relation emanated mainly from the comparison of stages I and III where most 
Fibrillin expression in thyroid carcinomas S Tseleni-Balafouta et al of our cases were distributed (Table 4) . From this point of view, a plausible association could also be expected between strong fibrillin-1 expression and anaplastic carcinoma given its well-established invasive potential. However, this concept was not confirmed in the unique case of anaplastic carcinoma investigated in our study suggesting that a fibrillin-1-independent invading mechanism might also exist or that a highly undifferentiated carcinoma has possibly lost the ability of fibrillin-1 expression. An interesting and partly controvercial finding of our study lies on the comparison between our immunohistochemical and RT-PCR analysis, results.
Both methods detected fibrillin-1 protein and m-RNA, respectively, in the cytoplasm of neoplastic cells of most thyroid carcinomas investigated. A discrepancy was observed concerning follicular carcinomas in which RT-PCR demonstrated the highest expression of fibrillin-1 m-RNA while immunohistochemistry failed to detect the protein in archival surgical specimens as well as in tissue microarray sections of this tumor type. This finding implies that neoplastic follicular cells, while equipped with the genetic machinery to synthesize fibrillin-1, are unable to finally produce the protein probably due to post-transcriptional modifications. Alternatively, fibrillin-1 protein is expressed in such a low level, which might be undetectable by immunohistochemistry. Of note also that, given a putative common origin of papillary and follicular neoplasms from follicular cells, one could expect a similar behavior of these two histological types at a molecular level. However, we have already observed a similar discrepancy, concerning an other ECM protein, tenascin-1. 22 Our results are in line with the concept supported by several authors, that papillary and follicular neoplasms consist two genetically distinct types of thyroid neoplasms. 23 In conclusion, we have described for the first time in normal thyroids and thyroid carcinomas, the expression of fibrillin-1 mRNA and the localization of fibrillin-1 protein. Our RT-PCR and immunohistochemical results indicate that fibrillin-1 is produced by thyroid carcinoma cells with evidence of an increased protein intensity in the more advanced stage carcinomas. A possible role of fibrillin-1 in thyroid cancer progression probably by facilitating access of tumor cells in the elastin-rich blood vessel walls or through the elastin-rich stroma of thyroid carcinomas could be suggested.
